In order to improve the anaerobic digestion efficiency of waste activated sludge (WAS), a pretreatment procedure should be carried out so as to disrupt the microbial cell structure, thus releasing intracellular organic matters. In this paper, a corona discharge triggered by a DC voltage was employed to pre-treat WAS for various time periods under different temperatures. The magnitude of the DC voltage was 4 kV at both negative and positive polarities. The changes in the soluble chemical oxygen demand, phosphorus and nitrogen content, and pH value within the WAS were utilized to estimate the pretreatment performance of the DC corona. It was found that with increasing treatment time, the pretreatment efficiency tends to be reduced. With increased temperature, the pretreatment efficiency appears to be better. It is suggested that the oxidative species and the active particles generated in the corona discharge play an important role in disrupting the microbial cell structure, which is dependent upon the treatment time and the temperature.
Introduction
With the development of urbanization processes and industry, the discharge of municipal wastewater has increased and has created a lot of environmental concern. Activated sludge processes have been widely used for municipal wastewater treatment with the typical steps shown in figure 1 [1] . Along with the release of treated water, waste activated sludge (WAS) is produced as a primary byproduct, which still needs further stabilization treatment before it is released into the environment since WAS contains a lot of parasites, heavy metals, unstable organic pollutants and other harmful substances that would bring additional pollution to the environment [2, 3] . In recent years, the production of WAS has been increased remarkably. For instance, over 3.48×10 7 tons of dewatered sludge was produced in 2011 in China, and the weight of the sludge is expected to be larger in the near future as a result of the fast development of wastewater treatment systems [4] . Accordingly, from the viewpoint of environment protection, it is very necessary to dispose of WAS.
Anaerobic digestion has been widely used as a WAS stabilization treatment with reduced sludge weight and recovered energy in the form of CH 4 . In WAS, most organic matter that is useful in anaerobic digestion is restricted in microbial cells and packed by various cell structures, including extracellular polymeric substances (EPSs), cell membranes and cell nuclei [5] . The intracellular organic matter within the cell structure is therefore un-available to be biodegraded, which results in the limitation of the efficiency of anaerobic digestion [6] . In order to release the organic matter from microbial cells, several pretreatment methods have been proposed based on thermal, chemical, mechanical and electrical mechanisms [7] . Sawayama et al found that the efficiency of anaerobic digestion and dewatering properties could be improved by thermal pretreatment, which was thought to be partly due to the degradation of the cell membrane [8] . Penaud et al pointed out that by employing the alkali pretreatment method the chemical oxygen demand (COD) solubilization reached 75%-80% with the addition of proper NaOH when the sample was heated at 140°C for 30 min [9] . Nah et al revealed that mechanical pretreatment was able to damage the microbial cells so as to extract intracellular matter and to enhance the solubilization of the WAS [10] . Lee et al reported that by applying a high voltage impulse to the WAS, which gave rise to partial solubilization of the floc and the individual cells, the soluble COD (SCOD) increased from 200 mg l −1 to 1700 mg l −1 with a treatment time of 90 min [11] .
Although the successful application of the above methods has been reported, their shortcomings of high energy consumption and complex technical procedure have also been noticed [12] . A novel pretreatment method with the features of low energy consumption and easy operation is quite urgent for WAS disposal in the future. In recent years, corona discharge has been widely investigated and utilized in the field of sterilization. Malik et al stated that corona discharge had proved to be more effective, cheaper and environmentally friendly than the conventional water treatment and microorganism inactivation methods [13] . It was found that atmospheric corona discharge obtained from both DC and AC high voltage was able to efficiently sterilize water from the majority of microorganisms [14] . Scholtz et al proposed that microbial inactivation in liquid suspensions was slightly more efficient using the point-to-plane discharge geometry than in the point-to-point arrangement [15] . It was confirmed by Machala et al that non-equilibrium plasma generated by three types of DC discharge (streamer corona, transient spark and glow discharge) in atmospheric air could be efficiently used for bio-decontamination of water and surfaces, of which the inactivation mechanism in the plasma were oxidation by radicals and active species [16] . Matveev et al reported that sewage sludge could be disposed to release or recycle with the application of thermal plasma [17, 18] . In consideration of the application of corona discharge plasma in liquid organism inactivation there appears to be a great possibility for corona discharge being used as a pretreatment method for WAS. The energetic particles, ultraviolet (UV) irradiation and chemically active radicals introduced by corona discharge may sterilize the organisms in WAS so as to release the intracellular organic matter [19] . However, investigations focused on the corona discharge effect in the pretreatment of WAS are very limited.
In this paper, fundamental researchwas carried out to investigate the effect of DC corona on the pretreatment behavior of WAS. The influence of treatment time and temperature on the content of organic matter within the WAS was estimated. The obtained results indicated that shorter time application of the DC corona on WAS could result in better pretreatment performance, and that the pretreatment efficiency was temperature and DC polarity dependent.
Experimental setup

Sample preparation
The WAS sample used in this work was obtained from the sedimentation tank of a municipal wastewater treatment plant (Research Institute of Tianjin Capital Environment Protection Group Company Limited, Tianjin, China). The WAS was a mixture of solid and liquid, which was composed of heavy metals, personal care products, endocrine disrupters, polychlorinated biphenyls, polycyclic aromatic hydrocarbons or dioxins and other micro pollutants [3] . In addition, the WAS also included several kinds of microorganism such as infusorians, sarcodinids, proteobacteria, bacteroidetes, etc, and most of the organic matter of the WAS was located within these microbial cells [20] . The initial parameters of the WAS used in the experiment are listed in table 1, where the water content is the mass ratio of water to overall WAS, the organic content is the mass ratio of total organic matter to dried WAS, and TCOD means the total COD.
Electrode arrangement and test procedure
A schematic diagram of the electrode system is shown in figure 2 . The sludge sample was placed in a round petri dish that was made of acrylic. The inner diameter of the petri dish was 80 mm and the depth was 7 mm, which could allow as much as 35 ml of sludge to be treated each time. A piece of 0.1 mm thick copper foil was attached to the bottom of the petri dish and was connected to Earth. The multi-needle electrode was designed with 61 stainless steel needles arranged on the base of a regular hexagon array to obtain large coverage of the corona discharge on the WAS surface. The needle tips were positioned 4 mm above the sludge sample. A DC voltage with magnitude of ±4 kV was applied between the multi-needle to plate electrode, by which the corona discharge was introduced and the WAS sample was treated. In order to investigate the effect of treatment temperature on the pretreatment performance, the electrode system was placed into a temperature controllable test vessel so that the treatment temperature could be artificially adjusted. The treatment time was set from 5 min to 60 min and the temperature was controlled from 20°C to 50°C.
Estimation of the DC corona pretreatment performance
In this work, the purpose of using DC corona pretreatment on the WAS was to disrupt the microbial cell structure so as to release intracellular organic matter, but not for bio-decontamination. The parameters we consider are those that can reflect the variation of organic matter content in the sludge solution. Accordingly, the SCOD, NH 3 -N and TP were measured. The SCOD, which is determined by the quantity of oxidant consumed by reacting with the soluble organic matter, can be employed as a measure of the organic matter in the WAS [21] . The SCOD of the WAS sample could be obtained based on the steps shown in figure 3 . A 6 ml sludge sample was injected into a 7 ml centrifuge tube, which was then treated in a centrifuge at a high speed of 13 000 r min −1 for 30 min. 5 ml supernatant of the sludge sample was picked out using a disposable burette and was filtered through four layers of slow filter paper to remove visible turbidity or impurities; the pore size of the paper was 1-3 μm. 1 ml filtrate was then moved using a pipette to the digestion tube, which contained 6 ml digestion solution of potassium dichromate. The digestion was performed at 160°C for 2 h, after which the digestion tube was naturally cooled down to room temperature. Finally, 6 ml liquid within the tube was taken into the quartz colorimetric plate cuvettes and the SCOD was measured on the basis of the spectrophotometric method. In this work, ammonia-nitrogen (NH 3 -N) and the TP, which are related to the content of intracellular organic matter, was measured to assist the estimation of the pretreatment performance of the WAS. The measurement method of the NH 3 -N and the TP was similar to that mentioned above except that Nessler reagent and potassium persulfate were employed as the digestion solution, respectively.
Because of the deviation in the initial parameters of the SCOD, NH 3 -N and TP, the relative change rates of the SCOD, NH 3 -N and TP were employed to estimate the pretreatment efficiency of the DC corona, which can be indicated as follows [22] ,
where S 0 and S 1 , respectively, represent the SCOD before and after the DC corona pretreatment. Similarly, ΔN% and ΔP, which are defined as the relative change rates of NH 3 -N and TP can be calculated using the equations,
where N 0 and N 1 are the NH 3 -N before and after the DC corona pretreatment, respectively, and P 0 and P 1 are the TP before and after the DC corona pretreatment, respectively. ΔN% and ΔP% were used to estimate the change in the content of nitrogen and phosphorus within the WAS. Since the DC corona pretreatment may induce variation in the pH value of the WAS, which influences the following anaerobic digestion process, the pH value after the corona treatment was also measured by means of a pH meter with accuracy of 0.01. At least five samples were tested under each condition to check the repeatability of the results, and the average values are reported in this paper.
Results and discussion
Effect of treatment time on the pretreatment performance of the WAS
The typical voltage and current waveforms for the application of ±4 kV DC voltage are measured though a 1 kΩ resistor and they are depicted in figure 4 . As regards to the positive DC corona, current pulses of several mA with a frequency of tens of kHz are superimposed on the steady-state current (∼10 μA), as can be seen in figure 4 (a), which corresponds to the behavior of streamer corona that can generate cold plasma [16] . The negative corona discharge current waveform, however, consists of DC current and tens of microamperes impulses with the frequency of hundreds of kHz, as shown in figure 4(b) . This could be attributable to Trichel impulses [23] . The positive streamer corona and the Trichel impulses under negative corona discharge are both associated with the source of active particles and oxidative species such as OH radicals, which provide the bio-decontamination effects on microbial cells [16, 24] . In order to obtain direct evidence of the microbial cell structure disrupted by the DC corona pretreatment, the sludge profile both before and after the corona pretreatment was visually inspected through an optical microscope (XPS-3cb, Shanghai optical instrument factory) with magnification of 640. The typical microstructure of the sludge sample is shown in figure 5 . It was reported in our previous work that a large variety of microbials was present in the sludge, among which the arcella that belongs to a protozoan with a size of several tens of μm was widely found [25] . Therefore, this can be taken as an example to exhibit the DC corona pretreatment effect. Figure 5(a) shows the microstructure of the arcella before the treatment; it can be observed that the structure is un-damaged and no ruptured spots can be found at the cell membrane. However, as the sludge sample is subjected to the corona treatment, the microstructure at the cell membrane becomes ruptured, as can be seen in figures 5(b) and (c). This indicates that microbial cells can be disrupted by DC corona, which is in agreement with our previous research [26] . Although direct evidence of microbial cell disruption could be obtained from the visual inspection, it is difficult to tell which polarity of the DC corona has better pretreatment performance since the very fact concerned is not the degree of cell disruption but the release of organic matters into the sludge that act as a carbon resource in the following digestion process [1, 27] . Accordingly, the measurementment of organic matter content released from the disrupted microbial cell to the sludge solution becomes a reasonable method to quantitatively estimate the pretreatment performance, which has been widely used by previous researchers [28, 29] .
The effect of the treatment time on ΔS% with DC voltage of 4 kV in both polarities at a temperature of 20°C is shown in figure 6 . It can be clearly observed that ΔS% is dependent upon the polarity of the applied voltage. With the application of positive DC voltage, ΔS% is 13.3% at the treatment time of 5 min. However, with the increase in the treatment time, ΔS% appears to decrease to a value lower than zero. As regards to the negative DC voltage application, ΔS% initially increases from 7.5% to 25.8% as the treatment time varies from 5 min to 10 min. But a further increase in the treatment time results in the reduction of ΔS%, which reached −57.3% at the treatment time of 60 min.
It is generally accepted that ozone and active radicals are part of the products in the atmospheric air corona discharge, as well as UV irradiation, which have been widely used in surface treatments and the cleaning of flue gases [21] . These energetic particles and oxidative species are produced in a series of electrochemical reactions in corona discharge. Part of the reactions are listed as follows [30, 31] 
It is noticed that energetic particles, ozone, OH radicals, atomic oxygen and reactive oxygen-based species are generated. All these particles and species are provided with high oxidative ability, which maans they easily react with the reactive substances in WAS [32] . The high oxidative species are capable of disrupting the microstructures of microbial cells in WAS. Cell membranes are made of lipid bilayers, which are composed of unsaturated fatty acids [31] . When the oxidative species are transported to the sludge sample and contact with the microbial cells, they can destroy the membrane structure by reacting with the unsaturated fatty acids [33] . Protein molecules is another component of the membrane, which are composed of linear chains of amino acids, and are susceptible to oxidation by the oxidative species [19] . When the cell membranes are decomposed under the treatment of corona discharge plasma, the microstructures of the cells are ruined so that intracellular organic matter is released, which gives rise to the increase in the SCOD. OH radicals are the most reactive particles among oxidative particles generated by DC corona discharge and the main reactant of the oxidation process. The chemical reactions of OH radicals belong to free radical reaction, and the reaction rate is remarkably fast. The rate constants for C-H and C-C bonds are mostly at 10 9 l mol
s −1 , which are close to the diffusion rate limit of 10 10 l mol −1 s −1 . The chemical reaction time was less than 1 s and the biochemical reaction time was 1-10 s [34] . However, the various oxidative particles are presented in the air rather than in the sludge solution, which results in the fact that the oxidation reaction occurs mainly on the surface of the sludge sample, which limits the reaction rate. Meanwhile, the microorganisms in the sludge samples are distributed in the whole solution rather than accumulated on the surface, which also restricts the reaction rate. Accordingly, 5 min has been selected as the minimal time interval to gain an obvious pretreatment performance in this research. In summary, oxidative particles obtained from DC corona discharge can easily react with unsaturated fatty acids and proteins, which make up the cell membrane, and a change in SCOD was observed in this experiment, which symbolized cell membrane disruption, so it is convincing that the oxidative particles lead to the cell membrane disruption of WAS.
However, the active particles and oxidative species not only destroy the microbial cell structures in WAS, but also react with the reducing substances in WAS, e.g. the organic matter. Reactions between the oxidative species and organic matter occur in the WAS sample and therefore the organic matter is decomposed into CO 2 and H 2 O [35] , which in turn leads to a decline in the SCOD. Accordingly, the effect of DC corona treatment on the SCOD is a result of the competition between cell inactivation and organic matter oxidation. For the 4 kV positive DC corona, ΔS% becomes negative as the treatment time is longer than 10 min. This is mainly because, as the treatment time lapses, fewer microbial cells in the WAS survive under the corona treatment and more released organic matter is decomposed, thus ΔS% tends to decrease gradually. Compared with the positive DC corona discharge, the divergent electric field distributed between the multi-needle and the plate under negative voltage application is different. It was revealed in our previous work that the active particles and oxidative species are more accessible for the sludge sample in positive corona treatment [22] , which contributes to the further oxidation of organic matter in the sludge and the decrease in SCOD. With the lapse of the treatment time, the amount of the oxidative species that can reach the sludge becomes larger and the decomposition of the organic matter appears to be strengthened. However, for the negative corona, fewer active particles and oxidative species are injected into the sludge sample so that the disruption of microbial cells determines the change in the SCOD when the treatment time is shorter than 10 min. As the treatment time is longer than 15 min, the decomposition of organic matter within the WAS becomes dominant, and ΔS% tends to be lower than zero.
The relationship between ΔN% and the treatment time for DC corona treatment with different polarities at 20°C is shown in figure 7 . With the lapse of the treatment time, ΔN% shows similar tendencies as compared with ΔS%. For the positive corona, ΔN% monotonously decreases with time whereas ΔN% becomes lower than zero when the time is longer than 15 min. As regards to the negative corona, ΔN% increases with the increase in treatment time from 5 to 10 min, but appears to decrease as the time rises further up to 60 min. This can possibly be explained by the following aspects. Firstly, proteins as organic matter are the basic components of microbial cells, which contain carbon, hydrogen, oxygen as well as nitrogen. Thus, the change in NH 3 -N in the sludge is associated with the variation in protein content in the sludge [10] . With the decrease in ΔS% and the occurrence of overoxidation, the decomposition of proteins in the sludge takes place significantly, which leads to a reduction in NH 3 -N. The possible mechanisms that account for the decomposition of NH 3 -N are suggested as follows [36] 
Furthermore, it is also suggested that with the action of corona and UV irradiation, the obtained ozone, O atoms and OH radicals can oxidize NH 3 . OH radicals, which have the highest activity among these particles, are generated by the reaction of O 3 and H 2 O with UV irradiation as low temperature catalytic processes. The final products of NH 3 oxidation are N 2 , N 2 O and HNO 3 . In addition, HNO 3 may form NH 4 NO 3 in the sludge [37] . As NO , 3 -N 2 and N 2 O have been produced, the content of NH 3 -N in the WAS shows a decreasing trend. Secondly, WAS contains a large number of microorganisms. With the application of the corona, intracellular organic matter is released, which provides carbon and nitrogen sources to the microorganisms for reproduction [38] . This process leads to the consumption of nitrogen elements, thus resulting in the reduction of NH 3 -N in the WAS. In addition, the possible nitrification in sludge will oxidize ammonia into NO 3 - [27] , which also leads to a decrease in NH 3 -N. Based on the viewpoints stated above, it is easy to understand why ΔN% decreases with treatment time.
The relationship between ΔP% and the treatment time is displayed in figure 8 . For both the positive and the negative corona, ΔP% keeps decreasing as the treatment time varies from 5 to 60 min. It is well known that phosphorus can exist both as organic and inorganic forms in the wastewater. By using the solvent extraction method, it was reported in [39] that the proportion of organic phosphorus in wastewater is approximately 20% of the TP. Moreover, the phosphorus just occupies a small part of the total weight of organic matter. Thus, the change in ΔP% is obviously smaller than that in ΔS%. This is why ΔP% only decreases to ∼−5% with 60 min positive corona treatment, while ΔS% reaches ∼−81.5%. The possible mechanism for the decrease in ΔP% could be attributable to the fact that the phosphorus element provides nutrients to organisms for assimilation [40] , by which the phosphorus is consumed. Figure 9 shows the variation in pH value within the WAS sample induced by the increase in the treatment time. It has to be mentioned that the initial pH values for the untreated WAS sample are slightly different since the content of sludge cannot be exactly the same. Therefore, the relative pH value (ratio to initial value) was introduced to avoid possible influence of the original differences in the pH values. With the increase in the treatment time, the relative pH values for both positive corona and negative corona treated samples tend to increase slightly. This is considered to originate from the introduction of hydroxyl ions from the corona. However, the increase in the pH value is so weak that it would have little effect on the following biodegradation process of the WAS.
In short, it can be seen from the test results shown in figures 6-8 that ΔS%, ΔN% and ΔP% tend to decrease to a value lower than zero as the DC corona treatment time increases. This means that the content of the released organic matter for the biodegradation process is reduced, thus the pretreatment efficiency becomes worse. In other words, shorter treatment time of DC corona gives better pretreatment efficiency.
Effect of temperature on the pretreatment performance of the WAS
The relationship between ΔS% and the temperature with the DC voltage application at both positive and negative corona with the treatment time of 5 min is shown in figure 10 . It can be seen that with the increase in the temperature from 20°C to 50°C, ΔS% appears to increase at both the polarities. As for the positive corona, ΔS% increases from 13.3% at 20°C to 29.5% at 50°C. As for the negative corona, ΔS% increases from 7.5% at 20°C to 76.7% at 50°C. Meanwhile, ΔS% slightly increases from 0.5% at 20°C to 3.5% at 50°C without the DC corona pretreatment, which indicates that the obvious enhancement of ΔS% under the corona should not be attributed to the rise in temperature. There is also a fact to be mentioned that the change in WAS temperature after the pretreatment was negligible (measured with a digital thermometer (VICTOR DM6801A) with a resolution of 0.1°C), which means that the WAS temperature kept the same value as the treatment temperature set by the test vessel during the treatment procedure. Furthermore, it was revealed that the enhancement of ΔS% is much more significant under negative corona than that under positive corona. Exerova et al reported that phase transitions occurred on phospholipid foam bilayers of cell membranes with the increase in temperature [41] . As a result, the movement of cell membrane molecules around the phase transitions field become intense under higher temperature, which makes the disruption of cell membranes easier under the action of an external force. Therefore, the higher temperature obviously improves the treatment performance under oxidation of reactive species. As for the positive corona, due to the more reactive species reaching the sludge in comparison with the negative corona, superfluous oxidative species would react with the organic matters and the over-oxidation restrains the increase in ΔS%. Therefore, even though the promotion of temperature improves the treatment performance, ΔS% still increases slowly under positive corona and becomes lower than that under negative corona.
The effect of temperature on ΔN% with a treatment time of 5 min is shown in figure 11 . It should be noted that ΔN% negligibly changes with temperature without corona pretreatment. With the rise of temperature from 20°C to 50°C, ΔN% at negative corona exhibits a growth tendency from −0.7% to 6.8% whereas ΔN% at positive corona reduces slightly from 7.5% to −3.4%. This is mainly because, as the temperature rises, cell microstructure disruption tends to occur easily, hence the release of intracellular organic matter results in the enhancement of ΔN% under negative corona. As for the positive corona, the pronounced oxidation and decomposition of dissolved organic matter in the WAS leads to a decrease in ΔN%.
The relationship between ΔP% and temperature for samples treated with DC corona at the both polarities with a treatment time of 5 min is shown in figure 12 . With the temperature increasing from 20°C to 50°C, ΔP% increases from ∼2% to ∼5% for both polarities but varies slightly without corona pretreatment. Since the phosphorus from the microbial cells just occupies a small part of the TP in the sludge sample, the disruption of cells has little contribution to the enhancement of ΔP%.
The effect of temperature on the relative pH value for the sludge samples treated with positive and negative corona is illustrated in figure 13 . It indicates that with the increase in the temperature the pH value increases unremarkably. The increment at negative corona is relatively more obvious as compared with that at positive corona. This could be ascribed to the fact that ΔN% increases in response to the rise in temperature, hence the sludge sample tends to be alkaline in nature. As regard to the positive corona treatment, the variation in the pH value is almost negligible, which is due to a decrease in ΔN%. As a comparison, the change of relative pH value in response to temperature without the corona is also plotted. The relative pH values at different temperatures are nearly 1.0, which suggests that the variation of the relative pH value under corona pretreatment should be induced by the discharge.
Based on the results illustrated in figures 10-13, it is proposed that the temperature has a positive effect on the pretreatment performance and that the higher the temperature is, the higher the pretreatment efficiency that can be achieved. Moreover, it is observed that the increase in the ΔS% in response to the temperature is more remarkable than ΔN% and ΔP%, which is helpful for the formation of a proper content ratio among C:N:P within the WAS that facilitates the biodegradation process.
The energy consumption of the DC corona pretreatment at various temperatures with a treatment time of 5 min is shown in figure 14 . The energy consumption of the pretreatment is estimated as follows:
where E cor is the energy consumption of corona discharge, U the DC voltage applied, I av the average discharge current and Δt the treatment time. E h is the energy consumed by heating the sludge sample from 20°C, C WAS the specific heat capacity of the sample, m WAS the mass of the sample and ΔT the temperature increment. It can be observed that the energy consumption of corona discharge at each temperature is in the range of kJ kg −1 while the energy consumed by heating the sludge is several tens of kJ kg . With the increase in the temperature, the energy consumption of the discharge appears to decrease obviously. This is because, as temperature rises, more water in the WAS evaporates into the space between the needle and the sludge, and the corona discharge current decreases with the humidity [42] . In addition, more energy is consumed by the negative corona pretreatment as compared with that under positive corona, which is attributed to the larger average discharge current under negative DC voltage. However, in consideration of heating the sludge, the overall energy consumption would remarkably increase with the temperature. Since higher temperature results in better pretreatment performance, it is proposed that the DC corona pretreatment method would exhibit better efficiency at high environment temperature conditions. However, when heating the WAS, the extra energy consumption should be considered.
Furthermore, positive and negative DC corona under identical voltage was employed to estimate the pretreatment performance in this work. It has to be stated that although negative DC corona exhibits higher energy consumption as compared with that of positive DC corona, the better pretreatment performance under negative corona should be attributed to the fact that the active particles and the oxidative species generated in the discharge are appropriately available for cell disruption; no over-oxidation phenomenon happens as that occurs under positive corona pretreatment, which leads to worse pretreatment performance. In other words, it is considered that the better pretreatment performance of negative corona originates from its specific discharge feature rather than its larger average discharge current. Accordingly, the data comparison between different polarities of DC corona should be more reasonable for understanding the microbial cell disruption mechanisms, and a similar comparison was also conducted in our previous publication [22] .
Conclusions
In this work, the effect of treatment time and temperature on the DC corona pretreatment performance of WAS was investigated, and the relative change rates of SCOD, NH 3 -N, TP and pH value were employed to estimate the performance. The main conclusions can be summarized as follows.
1. With the lapse of the treatment time from 5 min to 60 min, an overall decrease tendency of ΔS% under both positive and negative corona treatment can be obtained. The reduction of ΔS% under positive corona is larger than that under negative corona. 2. With the lapse of the treatment time from 5 min to 60 min, both ΔN% and ΔP% decrease. In addition, the pH value increases by a very small extent. 3. When the temperature increases from 20°C to 50°C, ΔS% increases both under positive and negative corona. The increment under negative corona is much larger than that under positive corona. 4. With the increase of the temperature from 20°C to 50°C, ΔN% of the WAS increases under negative corona but decreases under positive corona. ΔP% shows an increasing trend under both positive and negative coronas although its increment is quite small. Moreover, the pH value exhibits a negligible variation.
In summary, DC corona pretreatment with proper treatment time and temperature certainly plays an important role in the disruption of microbial cells. It was found in this work that a shorter treatment time and higher temperature is favorable for the better pretreatment efficiency of WAS. In addition, negative corona is more effective than positive corona in achieving better pretreatment performance. Such a finding is helpful and suggests the improvement of DC corona pretreatment performance of WAS. 
